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Teaching Science to Young Children:Practical Advice 
Aim 


The aim of this module is to offer advice to teachers of children aged 5-7 
who want practical ideas to help plan their teaching of science. 


Science is an important subject 


A sound knowledge of science is essential in today’s modern technical 
world and will probably be even more so in the future. You should treat 
science as an important subject. By this I mean you should set aside a set 
time each week to spend on a science lesson or lessons. You probably 
already do this for english and mathematics and you should do the same for 
science. How much time you spend each week is up to you or your 
education board but I would recommend that you spend one hour a week in 
a formal science lesson and perhaps another hour a week as part of topic 
work. 


Science is a Practical Subject 


Science, in essence, is a way of finding things out about the world. The 
scientific method, has allowed man to make very rapid advances in 
knowledge and understanding about the natural world. This method is best 
demonstrated by Gallelao’s experiments with gravity. The wizdom at the 
time suggested that heavier objects fell faster than light ones. He dropped 
two masses and timed how fast they fell to disprove the accepted wizdom. 
Such a simple experiment but no one had thought to do it before him. 


When teaching science aim not to teach facts, instead aim to teach skills. 
Pupils with the necessary skills will, with your help of course, be able to 
find out the facts for themselves. The skills needed to become a scientist 
can only be learned through practice. Pupils gain theses skills by 
performing experiments. You should aim to do at least one investigation or 
experiment every week. For very young children, the experiments should be 
simple with clear results. 


A very simple experiment for a child in this age group might be to find out 
the answer to “What happens to an ice cube if we leave it on a dish in the 
classroom?”. This is an experiment that a child as young as three or four 
can comprehend. As the child grows older related questions can be 
investigated. How long does it take for the ice cube to completely melt? 
Does the position it is placed in the room affect how fast it melts and if it 
does then what can that tell us about the temperature around the room. 


Science is a playful subject 


Children, especially young children, are naturally curious about the world 
and will, if left to their own devices find out about the world through play. 
As teachers we can exploit this natural tendency and encourage playfulness 
as a powerful aid to learning. Allow pupils time to play with science 
equipment. You could for example, give them a torch and ask them to find 
out as many things as they can about shadows, they must report back to the 
rest of the class in 5 minutes. If you do this you will find them teaching 
themselves. You can sit back and simply enjoy the fun. 


Formal games can also work well. You want them to learn the functions of 
different parts of a plant? Make a set of cards with “makes food for the 
plant”, “soaks up water from the soil” and so on. Give each child a picture 
of a plant to colour in and explain the rules. Each child takes a card from 
the pack. They identify the plant part from the function then colour it in. If 
they get a card they had before too bad. If they colour in the wrong part 
they are out. First child with a fully coloured in plant is the winner. It does 
take some time and planning on your part because you have to make up the 
cards but once you do you can reuse them year after year. Again you will be 
able to sit back and watch the children teach themselves and each other! 
Other games, such as bingo, dominoes, and snakes and ladders type games 
can all be adapted to help teach science. 


Science is a fun subject 


Pupils love doing hands on work. With a little effort you can make science 
their favourite subject. Plan your lessons carefully. Keep learning objectives 
clear and simple. Do not try to teach too much all at once. Plan multiple 


activities that have the same learning objectives. Children have a short 
attention span, keep them enthusiastic by not exceeding that span. An hour 
long lesson should be divided up. For example you might plan : 


e A 10 minute starter activity (such as a video) to get them interested. 

¢ Two 15 minute practical activities to get them learning. 

e A 15 minute game to reinforce the learning. 

e A five minute teacher led whole class discussion to recall what they 
have just learned. 


The time will fly by, fun will be had by all, and the pupils will come to love 
science. 
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Sankhya and Ganith have been learning a lot of things in their mathematics 
class. Join Sankhya and Ganith in their happy discoveries about 
mathematics. Zzero and Eka are friends of Sankhya and Ganith. In this 
book Sankhya and Ganith discover the magic of numbers. They think of 
numbers as their friends. They want to share some of the things they have 
found out about numbers. They learnt about numbers from stories that they 
read in many books in their school library. 


The Big Challenge 


a 


Eka: Zzero ! Will you stop bouncing around like this, please? 
Zzero: I’m happy. So I’m bouncing. I can take on so many shapes. 


f 


Ov 


Eka: Stop boasting. Do you know how many numbers you can make up? 0, 
10s, 100s, 1,000s and 10,000s. That’s a lot of numbers. 0, 10, 20, 30, ....90, 
100, 101, 110, 200, 201, 210, .... 


he 


Zzero: Please stop! I want to find out how many numbers exist between 0 
and 10,000 with one or more zeroes in them. The first one is 0 and the last 
is 10,000 so that makes two... 


Eka: Zzero, hats off to you for saying you will take up such a BIG 
challenge. I think you should first try to find out how many numbers have 
one or more zeroes between 0 and 1,000. 


Readers, can you help us please? 


Grains of Rice 


Acharya Vinoba Bhave was a freedom fighter. He followed the teachings of 
Mahatma Gandhi and lived between the years 1895 and 1982. 


When he was a young boy in Maharashtra, his mother had made a vow of 
offering 10,000 grains of rice to God. She carefully counted a hundred 
grains each day and offered it in prayer, reciting God’s name each time she 
made an offering. 


Vinoba’s elder brother had an idea. He said, “Mother, why do you do this 
everyday? After counting a hundred grains on one day, measure its weight. 
From the next day, you just have to weigh out an equal amount and offer it 
to God. This will save you time and effort.” 


Vinoba said, “I don’t think that would be right. When you count 100 grains 
of rice each day, you will repeat God’s name 100 times. But if you weigh 
out 100 grains, you would say God’s name only once!” 

Exercise: 


Problem: 


Vinoba’s mother wanted to offer 10,000 grains of rice. If each grain 
weighs half a gram, how many grams will 100 grains weigh? 


Solution: 


50 grams. If one grain weighs half-a-gram, 2 grains will weigh 1gm. 
How many 2’s in 100? 492 = 50.50 x 1 = 50. 


Exercise: 
Problem: 
If Vinoba’s mother had counted hundred grains on Day 1, and then 


followed her elder son’s advice, how many times would she have said 
God’s name till she made the complete offering? 


Solution: 


199 times. On Day 1, she would have uttered God’s name 100 times 
while offering hundred grains. That would leave 9900 grains (10 
thousand minus 100 = 9900). 9900 divided by 100 = 99. 

100 + 99 = 199. 


Exercise: 


Problem: 


If Vinoba’s mother followed Vinoba’s suggestion, how many days 
would it take for her to finish the offering? 


Solution: 


100 days. 10, 000 divided by 100 = 100 days. 


How Big is a Million? 


Sankhya’s mother was getting ready to go to school. She was a geography 
teacher. “Sankkima, eat your breakfast quickly!” she shouted. 


“Ki-ki, have you finished your homework?” asked Sankhya’s father. 


“S V!” yelled Sankhya’s friend Manjula from the street. Sankhya’s father’s 
name is Venkat. 


“T have a million names!” said Sankhya with a grin, as she got ready to eat 
her breakfast. 


Sankhya answers to all the different names she is called by. Numbers too 
are like Sankhya. They have different names in different countries. 


What is a million? It is a very big nuber. 


e 10 x 10 = 100. Ten 10s make a hundred 

e 10 x 100 = 1000. Ten 100s make a thousand 

e 100 x 100 = 10000 Hundred 100s make ten thousand 
e 100 x 1000 = 100000. Hundred 1,000s make a lakh 


But the word lakh is not used in European and American countries. When 
someone wins a One-lakh lottery, people in these countries would say, “I 
won hundred thousand!” 


One hundred 
thousand!! 


1,000 x 1,000 = 1,000,000. Thousand 1,000s make a million. In India, we 
say 10 lakhs instead of one million. 


100 x 100,000 = 10,000,000. One hundred lakhs is called one crore in 
India. 


1,000 x 1,000,000 = 1,000,000,000. In America, 1,000 millions are called a 
billion. 


One thousanc 
million!! 


One hundrec 


1,000 x 1,000 x 1,000,000 = 1,000,000,000,000. And a billion is a thousand 
thousand million in all countries except the United States of America. 


Surprisingly, scientists, whether in India or America mean 1,000 million 
when they say billion. 


Why Do We Need Big Numbers? 


When someone asks you how far your school is from your house you may 
say, “Very far.” 


To a stranger asking for directions to the school, you would probably say, 
“Five kilometres, Sir.” 


The Sun is 300,000 times heavier than the Earth. To write the mass of the 
Sun in tonnes you need to write 2 followed by 27 zeroes. 


Numbers help us to understand the world around us better. 


Scientists say the universe was formed because of a ‘Big Bang’. 
15 billion years ago there was a small super hot, super dense, ball of fire. 


The ball was less than 1cm wide. Suddenly, the ball exploded. 


The ball was less than 1cm wide. Suddenly, the ball exploded. 


In less then a millionth of a second, it grew to a huge ball, 16 billion km 
across. 


In the next million years, the exploded pieces became colder and formed 
galaxies. 


The Earth, Moon and Sun belong to a galaxy called the Milky Way. 


They were born less than 5 billion years ago. 


There are 200 billion stars in our galaxy. 


Our Sun is one of them. Earth is one of the nine planets moving around our 
Sun 


And the Earth has 6,525,170,264 people. 


You are one of 1,095,351,995 people living in India! 


Everyone in thier Place 


The Principal of Aryanagar Vidyamandir is very strict. He insists that 
students stand in their specified places during morning assembly. 


Ranjit, a class 4 student, always stood in the fourth row from the right side 
of the hall. 


One day, he got into the sixth row, where all the Class 6 students stood. He 
felt very important. He also felt very scared that the principal would seek 
him out and punish him. 


The principal did find out and called Ranjit to his room. “Young fellow, so 


you don’t want to stand in your place, is it? 


If you want to stand in the Class 6 row, you have to increase your value by 
studying well and learning well to deserve the value of being in the Class 6 
row. Understand? Now, run to class!” 


Ranjit scratched his head, and walked back to his class. What was his value, 
he wondered. 


He had learnt place value in arithmetic recently and this is what he 
understood about value. The digit 2 means just 2. 
When you write 20, the 2 indicates there are 2 tens. 


Similarly when you write 2032, the 2 on your right denotes just 2 but the 2 
on your left means there are 2 thousands. 
So, depending upon the ‘place’ where a digit sits, it gets different values. 


Let’s take the number 167,234. Each digit here has a different place value. 1 
is in the lakh’s place. In the number 167,234, the place value of 1 is one 
lakh. 6 is in the ten-thousand’s place. The place value of 6 in 167,234 is 
60,000. A number is the sum of the place values of its digits. 

100000 + 60000 + 7000 + 200 + 30+ 4 = 167234. Ranjit has 
understood place value quite well now. 

Exercise: 


Problem: 


Ranjit’s uncle has a car that has the registration number 1945. What is 
the place value of 9 in it? 


Solution: 


900. Hundreds place. 1945 has nine hundreds in addition to 1 
thousand, 4 tens and 5 units. 

Exercise: 
Problem: 


Add 496, 3,051 and 27. Find the digit in the hundred’s place of the 
sum that you get. 


Solution: 


The sum or total of the three numbers is 3,574. 


Finger Fun 


Zzero, do you know how to multiply with your fingers? 


Of course. I pick up a pencil and paper with my fingers, write the numbers 
and then write the answers. 


No, silly, I meant with only your fingers. See, here’s how you multiply by 9 
with your ten fingers. 


Example: 
Try this: 


Stretch out your fingers. 


ilis 


To calculate 9 x 1 , bend finger number 1. Count the number of fingers on 
either side of the bent finger. 0 and 9. 9 is your answer. 


iit 


9 x 2. Bend finger 2. One finger on the left, 8 on the right of bent finger. 
Answer is 18 


vii 


9 x 3. Bend finger 3. Answer=27 


vi 


9 x 4 Bend finger 4. Answer=36 


att 


9 x 5 Bend finger 5. Answer=45 


What is Multiplication? 


Multiplication is a quick way of adding. 


Suppose you pluck 25 mangoes from one tree in an orchard, and your 


grandmother has asked you to get 250 mangoes to make spicy mango 
pickles, you do not have to keep count after plucking every mango. 


Just pluck 25 mangoes from each tree. Leave them in separate baskets at the 
foot of the tree. 


One basket contains 25 mangoes. 2 Baskets will contain 25 + 25 = 50 
mangoes. You can just multiply 25 by 2 instead. 25 x 2 = 50. 3 baskets x 
25 mangoes in each = 3 x 25 = 75. 10 baskets x 25 mangoes in each = 
10 x 25 = 250. 


When the numbers to be multiplied are small, it is easy to add repeatedly. 
But when numbers are big, it is easier to multiply. 


Example: 

Try this: 

Let’s try 24 multiplied by 6. Let’s say you have 20 red marbles and 4 green 
marbles. Suppose you and five of your friends (that’s 6 of you) want to 
have the same number and kind of marbles each. When you want 6 times 
the number of marbles, you will have 6 times the number of red marbles in 
addition to 6 times the number of green marbles, right? 


Equation: 
6 x 20 = 120 
Equation: 
6x4=24 
Equation: 
120 x 24 = 144 


144 marbles. Easy! 

Now try this. Multiply 34768 by 987 by the same method. You would have 
to write 30000 + 4000 + 700 + 60 + 8. Then multiply each of these by 7, 
80 and 900. And add up all the answers to get your final answer. Doing this 
horizontally, then writing it down vertically and then adding the numbers is 
a very tiring process. To make this work simple, we follow a pattern of 
writing while multiplying big numbers. 34768 x 987. 


A 2 4 3 3 vy 6 
B 2 Uh 8 1 4 4 x 
Sr, 3 1 Z 9 1 Zz x x 
D. 3 4 3 1 6 0 1 6 


e¢ A.Multiply 34768 by 7. 

e B.Put an X ora 0 in the units place. Then multiply 34768 by 8. 

e C.Put X marks in the unit’s and ten’s place. Multiply 34768 by 9. 
e D.Add the answers you got in steps A, B and C. 


It becomes easy to add the numbers vertically, starting from the right, if 
you write the digits neatly one below the other! 


Odd Fishing 


An old man lived by the river Kaveri. 


He used to catch fish for a living. But he did not eat fish himself. 


Everyday he caught fish and sold them in the evening at the market. 


He was not a greedy man. 


One day his grandson saw him throwing back a fish into the river. 
“Grandpa, why did you do that?” he asked. 


“Little one, I need to earn, so I catch fish. But I don’t need too much money. 
So I put back some fish into the river.” 


“And how do you decide which fish to put into the basket and which fish to 
throw back into the river?” 


“Each day, I make up a rule for myself. Yesterday, I threw back the first fish 
I caught, kept the second, threw back the third, kept the fourth...” 


“T know, you threw back Fish 1, Fish 3, Fish 5........... You threw back the 
Odd-numbered fish!” 


“That’s right. Today, I kept the first fish, threw back the second, kept the 
third, threw back the fourth...” 


“All the even-numbered ones went back into the river. Poor odd-numbered 
ones!” 


“Tomorrow, I’m going to need a little more money. So I’ll have a new 
system. Fish numbers 2, 3, 5, 7, 11, 13, 17, 19, 23, and so on will go back 
into the river. The rest will get into my basket. 


“Grandpa, how many fishes do you sell each day?” 
“About 50.” 


1 is an odd number. 2 is an even number. 
Numbers that cannot be divided by 2 are called odd numbers. 


Numbers that can be divided by 2 are called even numbers. 


Exercise: 


Problem: 


According to the story, how many fish went back into the river 
yesterday? 


Solution: 
50. To sell 50 fishes, Grandpa would have to catch 100 fishes on Day 
1. The odd ones went back into the river. 
Exercise: 
Problem: 


Did he throw back more or less number of fish today? How many fish 
went into the basket today? 


Solution: 


Less. He threw back 49 fishes. 50 fishes went into the basket. 
Exercise: 

Problem: 

They are prime numbers. 2 can be divided by 1 and 2. 3 can be divided 


by 1 and 3. Four can be divided by 1, 2, and 4. 4 is not a Prime 
number. 


Solution: 


Tomorrow, Grandpa has to really think hard before throwing back the 
fish. There is something special about the numbers 2, 3, 5, 7, .... Can 
you guess what? 


Exercise: 


Problem: How many fishes did Grandpa catch today? 


Solution: 


99 fishes. When he caught the 99th fish and put it in his basket, 4. , he 
had 50 fishes in the basket. So he did not have to catch the 100th fish 
to throw back! 


Exercise: 


Problem: 


A prime number is a number that can be divided exactly by two 
numbers,1 and by itself. 1 can be divided ONLY by 1. So 1 is nota 
prime number. 13 can be divided by 1. It can be divided by 13. So it is 
a prime number. 15 can be divided by 1, 3, 5, and 15. So it is nota 
prime number. Can you count the number of prime numbers between 1 
and 50? 


Solution: 


15 prime numbers. In a grid, write numbers 1 to 50. After 3, cut out all 
the even numbers (They can all be divided by 1,2 and themselves. So 
they are not prime). Cut out all the numbers that can be divided by 3. 
(6, 12 etc. They are all divisible by 1, 3 and themselves. So they are 
not prime.) Cut out all the multiples of 5. (Why?) Then finally, cut out 
all the numbers that can be divided by 10. The remaining numbers are 
prime numbers. 


Bits and Pieces 


Eka, have you seen the Hindi film ‘Sholay’? 


“Half of you go this side. Half of you go that side. Rest of you, follow me!” 


Zzero: Tell me Eka, how many people followed the jailer? 
Eka:Zzero, you must be joking! 


Zzero:No one followed the jailer. One half plus another half of the same 
thing makes a full! 


Sankhya and Ganith had to share a huge aloo Paratha for lunch. They both 
liked aloo Paratha very much. “Let’s cut it into two. Each of us can have 
one part,” said Ganith. “You cut it, Sankhya.” 


Sankhya was going to fold the paratha into two, when her friends Faisal and 
John walked in. “We want a piece too!” they said. 


Sankhya and Ganith would have had 4 a paratha each. Now they would 
have to have + of a paratha. 


So they had to divide one paratha into four equal pieces. After Sankhya had 
cut the paratha neatly into four pieces, John saw a sugarcane piece in the 
kitchen. “Ill eat the sugarcane. I don’t want the paratha,” he decided. 


Sankhya, Ganith and Faisal had a quarter of the paratha each. And they cut 
up John’s quarter into three. What do you think they did with that! 


Example: 
Fractions are nothing but parts of a whole. 


Try this: 


lean 4 


Take a sheet of notepaper, fold it in hald, and colour the top flap. You have 
colured half of the sheet. 


Pp Ol 


It means you have coloured 1 part of two ewual parts that make up a 


whole. (3) Now fold over in half again and colour the top in a different 
colour. You have colored 1 part of 4. 


Fold the sheet over another time. Colour the top using another colour 
pencil. Open the sheet out fully and see what fraction you have coloured. 


Shapely Numbers 


Sankhya watched as Amma made a beautiful rangoli. First she made many 
dots. Then she joined the dots to make designs. 


“Amma. How do you know how many dots to make?” 


Amma mumbled something, because she really did not have an answer. 


But Zzero has discovered a way to make shapes out of numbers. 


Take any number and its next number. (Two numbers that have a difference 
of 1 are called consecutive numbers.) 


Multiply them and divide the answer by 2. 
You can make a triangular number grid with this new answer. 
6 x 7 divided by 2 = 21. 


You can form a triangle with 21 dots, starting with 6 dots at the bottom, 
reducing one dot as you go higher, till you have just one dot on top. 


O 

OO 
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Or you can start with one dot on top, and keep increasing one dot in the 
next line as you go down. 
Exercise: 


Problem: 


Can you tell how many dots you need to make an 8 - decker triangle 
with dots? 


Solution: 


Example: 
Try this: 


Make grids using dots. Then draw funny figures. 


Let's Fly 


Zzero: Eka, let’s fly! 
Eka: Zzero, we are not birds. And we are not pilots. So how can we fly? 


Zzero: Let’s make paper planes and fly them. Listen friends, let’s play 
detectives! 


Write a coded message using numbers on a piece of paper. Make this into a 


paper plane. Send it zooming in the class. 


The person on whom the plane lands has to decode the message. The 
numbers must represent alphabets. 


7 


The numbers that make up one word can be put together with hyphens. 


¢ 


Some students scratched their heads. 
Some scratched busily on papers with their pencils. Soon there were 
different kinds of planes flying in class. 


Can you decode some of these messages that ‘landed’? 
Exercise: 


Problem: 13-29 / 15-29-25-9! (Notice that all the numbers are ODD) 


Solution: 


GO HOME! (Starting with 1 for A, 3 for B....... 51 for Z) 


Exercise: 


Problem: 49-29-41 / 1-35-9 /13-29-29-7. 
Solution: 


YOU ARE GOOD. 


Exercise: 


Problem: 51-51-9-35-29 /17-37 / 1 /15-9-35-29. 
Solution: 


ZZERO IS A HERO 


Exercise: 


Problem: 28-42-26-4-10-36-38 / 2-36-10 / 12-42-28. 
Solution: 


NUMBERS ARE FUN. (2 for A, 4 for B.....52 for Z) 


Conclusion 


Sankhya and Ganith have made friends with numbers. Sometimes the 
‘friends’ behave oddly! But most of the time, they are good! Look at the 
numbers around you. You may find something interesting about them. 


My name is Gopalji Srivastava. I am in class 5 and never miss a movie by 
Amitabh Bachchan and Kajol. I also enjoy badminton and the Bhangra. 


Thank you for buying this book. My friends and I will get to read many 
more books in our library because you bought this book. 
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discovered her love for teaching while conducting non-formal workshops in 
Mathematics in schools, using the day’s newspaper instead of text-books. 


Angie is a graphic designer and in her spare time loves to keep busy with 
ceramic. Upesh is an animator who collects graphic novels and catches up 
with odd films in his spare time. Together they form “The Other Design 
Studio’. 


This is a Mathematics book with a difference. There are more stories here 
than problems! So read the stories, take in the mixture of facts and fiction 
and enjoy teasing your brain. 
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Physics in the Science of Complex Systems — Draft 0 


The lectures are organized in lessons within thematic courses. 


General introduction 


Thermal and statistical physics 


The main chapters are copied from the courses of Harvey Gould and Jan 
Tobochnik, Clark University, Worcester, MA, USA. If not, the source is 
precised into brackets. 


http://stp.clarku.edu/ notes/ 


1.1 From Microscopic to Macroscopic Behavior: Statistical Physics 


Lesson 1 


e Introduction 

e Some qualitative observations 
¢ Doing work 

* Quality of energy 


Lesson 2 


e Some simple simulations 
e Work, heating, and the first law of thermodynamics 
e The fundamental need for statistical approach 


e Time and ensemble averages 


Lesson 3 


¢ Models of matter 
The ideal gas 
Interparticle potentials 
Lattice models 


e Importance of simulations 
e Summary 


Additional problems 


Suggestions for further reading 


1.2 Thermodynamic Concepts 


Lesson 4 


e Introduction 

e The system 

e Thermodynamic equilibrium 
e Temperature 

e Pressure equation of state 


Lesson 5 


e Some thermodynamic processes 
¢ Work 


¢ The first law of thermodynamics 
e Energy equation of state 


Lesson 6 


e Heat capacity and enthalpy 

e Adiabatic processes 

e The second law of thermodynamics 
e The thermodynamic temperature 


Lesson 7 


e The second law and heat engine 

e Entropy changes 

e Equivalence of thermodynamic and ideal gas scale temperatures 
e The thermodynamic pressure 


Lesson 8 


e The fundamental thermodynamic relation 
e The entropy of an ideal gas 

e The third law of thermodynamics 

e Free energies 


Additional problems 


Suggestions for further reading 


1.3 Statistical Mechanics 


Lesson 9 


e Introduction 
e A simple example of a thermal interaction 
e Counting microstates 


Non-interacting spins 
One-dimensional Ising model 
A particle in a one-dimensional box 
One-dimensional harmonic oscillator 
A particle in a two-dimensional box 
Two non-interacting identical particles and the semi-classical limit 
Lesson 10 
¢ The number of states of N non-interacting particles: semi- classical 
limit 
e The microcanonical ensemble (fixed E, V, and N) 
e Systems in contact with a heat bath: the canonical ensemble (fixed T, 


V, and N) 
e Connection between statistical mechanics and thermodynamics 


Lesson 11 


e Simple applications of the canonical ensemble 
e Example of a simple thermometer 

e Simulations of the microcanonical ensemble 

e Simulations of the canonical ensemble 


Lesson 12 


¢ Grand canonical ensemble (fixed T, V, and ) 
e Entropy and disorder 


¢ The volume of a hypersphere 

e Fluctuations in the canonical ensemble 

e Molecular dynamics 
(Course from North Carolina State University, Raleigh, NC, USA: 
http://chsfpc5.chem.ncsu.edu/~franzen/ CH795N/lecture/TV/TV.html) 
Additional problems 


Suggestions for further reading 


1.4 Thermodynamic Relations and Processes 


Lesson 13 


1.4.1 Introduction 

1.4.2 Maxwell relations 

1.4.3 Applications of the Maxwell relations 
Internal energy of an ideal gas 


Relation between the specific heats 


Lesson 14 

1.4.4 Applications to irreversible processes 
The Joule or free expansion process 
Joule-Thomson process 


e Equilibrium between phases 


Equilibrium conditions 
Clausius-Clapeyron equation 
Simple phase diagrams 
Pressure dependence of the melting point 
Pressure dependence of the boiling point 
The vapor pressure curve 
Lesson 15 

e Lattice gas and Ising model 


(Introduction to lattice gas from Victor Batista, Chemistry department, Yale 
University, New Haven, NE, USA: 


http://xbeams.chem. yale.edu/~batista/vaa/ node38.html) 


(Applet of ising model, from A. Peter young, Physics department, 
University of California, San Diego, CA, USA: 


http://bartok.ucsc.edu/peter/java/ising/keep/ ising. html) 
e Phase transitions 
(Generalities from Wikipedia: 
http://en.wikipedia.org/wiki/ Phase_transition) 
e A geometric phase transition: percolation 


(Lectures notes from the MIT NSE Virtual Reading Room, Massachusetts 
Institute of Technology, Cambridge, MA, USA: 


http:// 
mightylib.mit.edu/Course%20Materials/22.00/Spring%202002/Notes/lectur 


e_3.pdf ) 


Lesson 16 
e Brownian motion 


(Introduction from the physics department of the University of Queensland, 
Brisbane, Australia: 


http://www. physics.uq.edu.au/people/mcintyre/ 
php/laboratories/download_file.php?eid=38) 


¢ Chaos and self-organization 


(Introduction to chaos theory from the center of complex quantum systems, 
University of Texas, Austin, TX, USA: 


http:// order.ph.utexas.edu/ 
Generalities from Wikipedia: 


http://en.wikipedia.org/wiki/Self- organization) 


Lesson 17 


e Fractals 


(Introduction from Michael Frame, Benoit Mandelbrot, and Nial Neger, 
Yale University, New Haven, NE, USA: 


http://classes.yale.edu/Fractals/) 
e Sand Piles 


(Introduction from Benoit Masson, Laboratoire Informatique Signaux et 
systemes of Sofia Antipolis, France, EU: 


e Spin glasses 


(Short introduction & references from Daniel Stariolo, Instituto de Fisica, 
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil: 


http://www.if.ufres.br/~stariolo/spinglasses.html) 
Additional problems 


Suggestions for further reading 


Quantum physics made relatively simple 

Hans Bethe, Cornell University, Ithaca, NY, USA 

Presentation of quantum theory and mechanics through their histories. 
http://bethe.comell.edu 

3 courses of about 45-50 mn 

Video and audio versions 


Slides are presented in parallel to the video documents 


2.1 “Old Quantum Theory”: 1900 — 1915 


2.2 Quantum Mechanics: 1924 — 1928 


2.3 Interpretation works on the wave function, the Heisenberg Uncertainty Principle, and the 
Pauli Exclusion Principle 


Suggestions for further reading 


